Empirical analysis of the most relevant parameters of codon substitution models.
Traditionally, codon models of evolution have been parametric, meaning that the 61 x 61 substitution rate matrix was derived from only a handful of parameters, typically the equilibrium frequencies, the ratio of nonsynonymous to synonymous substitution rates and the ratio between transition and transversion rates. These parameters are reasonable choices and are based on observations of what aspects of evolution often vary in coding DNA. However, the choices are relatively arbitrary and no systematic empirical search has ever been performed to identify the best parameters for a codon model. Even for the empirical or semi-empirical models that have been presented recently, only the average substitution rates have been estimated from databases of real coding DNA, but the parameters used were essentially the same as before. In this study we attempted to investigate empirically what the most relevant parameters for a codon model are. By performing a principal component analysis (PCA) on 3666 substitution rate matrices estimated from single gene families, the sets of the most co-varying substitution rates were determined. Interestingly, the two most significant principal components (PCs) describe clearly identifiable parameters: the first PC separates synonymous and nonsynonymous substitutions while the second PC distinguishes between substitutions where only one nucleotide changes and substitutions with two or three nucleotide changes. For the third and subsequent PCs no simple descriptions could be found.